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(57) ABSTRACT 
The invention relates to a pharmaceutical composition com- 
prising i) ketotifen or an analog thereof and ii) a chemo- 
therapeutic drug subject to multi-drug resistance by P-gp, 
such as doxorubicin or an analog thereof. The phannaceu- 
tical composition is useful for treating cancer. The pharma- 
ceutical composition is also useful for i) preventing or 
treating multi-drug resistance in a subject or ii) preventing a 
chemotherapeutic drug subject to multi-drug resistance by 
P-gp induced cardiac tissue damage in a subject, such as 
doxorubicin or an analog thereof. The invention relates to a 
pharmaceutical composition comprising i) ketotifen or an 
analog thereof and ii) a chemotherapeutic drug subject to 
multi-drug resistance by P-gp, such as doxorubicin or an 
analog thereof. The pharmaceutical composition is useful 
for treating cancer. The phannac eutical composition is also, r/n^l-J"! ""Q f\XQ 
useful for i) preventing or treati ng multiamigp esistance in a J 
subject or ii) preventing a chemotherapeutic drug subject to 
multi-drug resistance by P-gp induced cardiac tissue damage 
in a subject, such as doxorubicin or an analog thereof. 
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PHARMACEUTICAL COMPOSITIONS AND 
METHODS FOR TREATING MULTIDRUG 
RESISTANT CANCER 

FIELD OF THE INVENTION 

[0001] The invention relates to pharmaceutical composi- 
tions and methods for chemotherapy. The invention reverses 
multidrug resistance to chemotheraputic agents and prevents 
cardiac damage caused by chemotheraputic agents. 

BACKGROUND OF THE INVENTION 

[0002] Intrinsic or acquired resistance to chemotherapeu- 
tic agents is a major contributing factor to failure in cancer 
treatment. Clinical drug resistance often presents as a multi- 
drug resistance (MDR) phenotype, characterized as de novo 
resistance to a variety of structurally diverse cytotoxic drugs 
or as developed cross-resistance to chemotherapeutic agents 
that have never been used in previous chemotherapy [17]. 
Although the cellular basis underlying drug resistance is not 
ftilly understood, several factors have been identified that 
contribute to its development. These include drug efflux 
mechanisms, increased drug inactivation (e.g. glutathione- 
s-transferase and resistance to alkylating agents), drug tar- 
get mutation (topoisomeiase mutation), altered DNA repair 
and resistance to apoptosis (pS3 mutation, bcl-2 overexpres- 
sion etc.) [1]. Clinical drug resistance may be caused by any 
one or a combination of these mechanisms. Increased trans- 
membrane efflux of xenobiotics is one of the best charac- 
terized mechanisms of MDR and is known to be mediated 
through over-expression of adenosine triphosphate (ATP)- 
binding cassette (ABC) transporter supofamily members 
such as P-glycoprotein (P-gp/MDRl), multidrug resistance 
associated protein (MRPl), or breast cancer resistance pro- 
tein (BCRP) [5, 14, 19, 20]. P-gp, the most extensively 
studied of these transporters, is encoded by the mdrl gene 
and found to be overexpressed in many tumor cells, includ- 
ing a variety of leukemias and solid tumors [30]. P-gp 
over-expression provides protection against a number of 
chemotheraeutic agents including anthracyclines, vinca 
alkaloids, antharacenes, camptothecin derivatives, epipodo- 
phyllotoxins, and tubulin polymerizing drugs [3 l].Transfec- 
tion of the mdrl gene to drug-sensitive cell lines can transfer 
the MDR phenotype [28]. In about 30-40% of primary and 
more than 50% of metastatic breast cancer patient samples, 
P-gp was overexpressed [16, 27]. Increas^ expression of 
P-gp correlates with adverse prognosis and is associated 
with poor chemotherapy response and overall survival [27]. 

[0003 ] The prognostic importance of P-^ overexpression 
shows that the ability to prevent or reverse multi-drug 
resistance would be clinically valuable. This has led to the 
identification of a wide variety of compounds that are 
capable of revving MDR through the inhibition of P-gp. 
Preclinical in vitro and in vivo studies in mice using MDR 
reversing agents such as verapamil, quinidine and cyclospo- 
rine A have demonstrated enhanced anti-MDR tumor activ- 
ity [9]. To date, clinical trials have be^ conducted to 
evaluate the efficacy of MDR reversing agents with mixed 
results. In some cases, serum levels of reversing agents 
needed to block P-gp could not be achieved. In other cases, 
P-gp could be blocked but the levels of ch^otherapeutic 
drugs had to be reduced in order to prevent excessive 
toxicity. However, some small scale studies in P-gp positive 
AML and VAD-refractory multiple myeloma showed that 



incorporation of verapamil or cyclosporin in chemotherapy 
significantly improved overall survival [6, 18, 26], New, 
more potent P-gp inhibitors such as PSC388, GF120918, 
dexverapamil and XR9576 are also currently being evalu- 
ated in clinical trials and to date, preliminary results indicate 
that at minimum, it is possible to obtain serum levels of 
reversing agents sufficient to block P-gp [22, 24]. However, 
there remains a need for compositions that more effectively 
prevent multi-drug resistance. As mdrl/P-gp is also 
expressed in certain normal tissues, blockade of P-gp in vivo 
by reversal drugs inevitably changes drug distribution and 
metabolism, thus ahering die pharmacokinetics of chemo- 
therapeutic agents. As a result, increased accmnulation of 
the drugs in plasma or tissue can cause increased toxicity 
(Table 1). 

TABLE I 



Cardiotoxocitv of chemotherapy 



Drug 


Toxic dose range* 


Toxicity 


Amsacrine 


Conventional dose 


Ventricular airhythmia 


Bisulfan 


Oral daily dose 


Endocardial fibmsis 


Cisplatiji 


Conventional dose 


Acute myocardial Ischemia 


Cyclo- 


> 100-1 20 mg/kg 


Congestive heait failurB, 


phosphamide 


over 2 d 


hemorrhagic myocarditis/ 






pericatditis/necrosis 


Daunonibicm 


>550 mg/m^ 


Same toxocity as doxorubicin 




(total dose) 




Doxoiubicin 


>550 mg/m^ 


Congestive heart failure 




(total dose) 


(cumulative toxic effect). 






arrhythmias 




<550 m^m^ 


Cardiac toxicity in the 




(total dose) 


presense of additional 






risk factors 


Fluorouracil 


Conventional dose 


Angina/myocardlal infarction 


Interferons 


Conventional dose 


Exacerbation of underlying 






cardiac disease 


Interleitkln-2 


Conventional dose 


Acute myocardial injuiy, 






ventricular arrhythmia, 






hypotension 


Mitomycin 


Conventional dose 


Myocardial damage similar to 






radiation- iiuluced injury 


Mitoxantrone 


> 100-140 mg/m^ 


Congestive heart failure. 




(total dose) 


decreased left-ventricular 






equation fraction 


Paclitaxel 


Conventional dose 


Bradycaxdia 


Vmblastiue 


ConveotionAl dose 


Myocardial InfiucUon 


Vincristine 


Conventional dose 


Myocardial Infarction 



'Route of administration is IV unless otherwise indicated. Conventional 
dose is commonly accepted therapeutic range. 

Adapted with permission from Grever M R, Oiieshaber C K: Toxicology 
by oigan system, in Holland J F et ai {eds: Cancer Medicine, 4th cd, p. 
897, Baltimore, Williams & Wiikins, 1997. 



[0004] Doxorubicin, one of the most potent chemothera- 
peutic agents for treating hematological malignancies and 
solid tumors, has dose-limiting cardiotoxicity both in animal 
models and in cancer patients. In one study, coadministra- 
tion of cyclosporin and doxorubicin resulted in 55% and 
350% increase of area-under-the-curve (AUG) of doxorubi- 
cin and its metabolite doxonibicinol respectively (Bartlett, 
1994). PSC388, when used in combination with doxorubi- 
cin, increased doxorubicin AUG by 10-fold [12]. Using a 
murine model, Sridhar showed that the combination of 
verapamil and doxorubicin increased peak doxorubicin con- 
centration in heart tissue by about 40% compared to doxo- 
rubicin alone. This increased tissue doxorubicin level led to 
severe heart damage and significantly lower survival rate 
[25]. There is a need for compositions and methods for 
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chemotherapy which do not cause heart damage. The need 
applies to the most common chemotheiapy drugs, such as 
those shown in Table 2. 

TABLE 2 

Cytotoxic diugs which are transpoited by P-gp. 

Anthracydipcs 

Doxoniblcin 

Daunombiciii 

Idanibicin 

Epiiubicin 

EpipodophyllotoxiDS 

Etoposlde 
Teniposide 
Taxanes 

Paclitflxel 
Docctaxel 
Vinca Alkaloids 




Mitoxantrone 

Dactinomycin 

Amsacrine 

Trimetrexate 

MitomyciB 

Mithnunyciu 



SUMMARY OF THE INVENTION 

[0005] The invention relates to a pharmaceutical compo- 
sition comprising i) ketotifen or an analog thereof and ii) a 
chemotherapeutic drug subject to multi-drug resistance by 
P-gp, preferably an anthracycline, more preferably doxoru- 
bicin or an analog thereof. The pharmaceutical composition 
of the present invention is useful for treating cancer. The 
pharmaceutical composition is also useful for i) circumvent- 
ing or treating multi-drug resistance in an animal or ii) 
preventing a chemotherapeutic drug subject to multi-drug 
resistance by P-gp, preferably anthracycline, more prefer- 
ably doxorubicin or an analog thereof induced cardiac tissue 
damage in an animal. The invention also includes kits 
containing these compositions and methods of use of these 
pharmaceutical compositions. In variations of the invention, 
mitoxantrone, VP- 16 and vinblastine, or analogs thereof, are 
useiul in the compositions and methods of the invention in 
place of doxorubicin. Other useful compounds which are 
subject to P-gp-mediated efflux (preferably those com- 
pounds in the same class that have similar activities as 
doxorubicin, mitoxantrone, VP- 16 and vinblastine and 
which do not cause cause cardiotoxicity) are described 
below. Ketotifen and its analogs or compounds such as 
cetirizine and mizolastine are also used with chemotherapy 
drugs described in this application (or analogs thereof). 

[0006] The invention relates to a method for treating 
cancer, comprising treating or incubating cancer cells with a 
composition that is a Ca^*-mobilizing agonist while con- 
currently blocking Ca^* influx, wh ereby the c ancer cells are 
sensitized to cell death induction j Ketotifen^is a first gen- 
eration antihistamine with store-operated Ca^"^ channel I 
antagonist properties [10]. As a calcium influx blocker, it] 



was previously demonstrated that ketotifen could induce cell 
death in an activation-enhanced maimer in leukemia cells 
[13], mast cells [23], and breast cancer cells [29]. In the 
course of evaluating the abihty of ketotifen to induce cell 
death in breast cancer cells, it was observed that ketotifen 
could sensitize multi-drug resistant human breast cancer 
cells to doxorubicin. The invention shows that ketotifen can 
reverse multi-drug resistance through inhibition of P-gp. 
More importantly, it shows that ketotifen also reduces car- 
diotoxicity caused by high dose doxor ubiciif inrvivol thus 



uniquely identifying ketotifen as both a jMR^reversing and" 
cardioprotective agent. Ketotifen restores sensitivity of \^ r>r\C^R 
P-glycoprotein-overexpressing, multi-drug resistant, MCF- * 
7/adr cells to doxorubicin, mitoxantrone, VP- 16 and vin- 
blastine, hi vivo, it was demonstrated that pretreatment of 
mice with ketotifen caused an increased accumulation of 
doxorubicin in cardiac tissue, consistent with a block in drug 
clearance. However, it was also observed that unlike vera- 
pamil, ketotifen pre-treatment did not enhance doxorubicin 
toxicity but in fact provided protection, both at the level of 
cardiac tissue damage and in siuvival. The invention pro- 
vides the surprising invention that ketotifen reverses multi- 
drug resistance due to P-glycoprotein overexpression and 
provides cardioprotection to doxorubicin. 

[0007] Other features and advantages of the present inven- 
tion will become apparent from the following detailed 
description. It should be understood, however, that the 
detailed description and the specific examples while indi- 
cating preferred embodiments of the invention are given by 
way of illustration only, since various changes and modifi- 
cations within the spirit and scope of the invention will 
become apparent to those skilled in the art from this detailed 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Preferred embodiments of the invention will be 
described in relation to the drawings in which: 

[0009] FIG. 1 Dose response curve of ketotifen and vera- 
pamil as MDR reversal compounds. MCF-7/adr cells were 
treated with different concentrations of reversal compounds 
with or without 2 \iM doxorubicin for 24 hours. Cells were 
harvested, and plated for growth of breast cancer colonies in 
triplicates. The data are presented as perent of control 
clonogenicity in the absence of drug (jxO.OOOl). DXN: 
doxorubicin. 

[0010] FIG. 2 Influence of 10 of ketotifen on the 
toxicities of four cytotoxic drugs. MCF-7/adr cells were 
treated with different concentrations of chemotherapeutic 
agents in the presence or absence of 10 ^M ketotifen for 24 
hours. Cells were harvested, washed anid plated for growth 
of breast cancer colonies as described in the Materials and 
Methods. The data are presented as perent of control clo- 
nogenicity in the absence of drug (p<0.0001). Ke: ketotifen. 

[0011] FIG. 3 Ketotifen fails to reverse MDR of MCF-7/ 
mx and MCF-7/vp cell lines. MCF-7/mx and MCF-7/vp cell 
lines were treated and assayed as described in FIGS. 1 and 
2. The toxicities of mitoxantrone and Vp-i6 were evaluated 
respectively in MCF-7/mx and MCF-7/vp cells. Ke: keto- 
tifen. 

[0012] FIG. 4 Flow Cytometric analysis of intracellular 
doxorubicin retention. MCF-7/adr cells (5xlO^/ml) were 
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incubated with 2 ^g/ml of doxorubicin at 37° C. for 2.5 
hours in the presence of diffeient concentrations of ketotifen 
or verapamil. Cells were washed and resuspended in ice- 
cold PBS. Doxorubicin relative fluorescence was measured 
by flow cytometry. A: 0 |iM, b: 2 \iM, c: 10 \iM ketotifen or 
verapamil. 

[0013] FIG« 5 Doxorubicin accumulation in heart tissue. 
Mice were treated with i.p. injection of reveral agents 
ketotifen or verapamil, followed 30 minutes later by 15 
mg/kg doxorubicin or saline (as control). Three hours fol- 
lowing injection of doxorubicin, three mice were sacrificed 
in each group and the hearts were excised, rinsedjmn ced 
_and homogenated. The tissue doxorubicin was(extractdl with 
ice-cold acid ethanol solution (0.3N HCl in 50% ethanol). 
The doxorubicin in the supematants was measured by fluo- 
rescence spectrometry. DXN: doxorubicin, VPL: verapamil, 
Ke: ketotifen. p<0.01. 

[0014] FIG. 6 Histological evaluation of cardiotoxicity. 
Mice were injected with reversal compounds ketotifen (25 
mg/kg) or verapamil (25 mg/kg) followed by doxorubicin 
(15 mg/kg). Three mice in each group were sacrificed 4 days 
post treatment. The hearts were removed and fixed in 10% 
formalin. At least 3 sections were made and stained with 
H.E. Slides were evaluated by light microscopy (original 
magnificationB400x). In mice receiving doxorubicin alone, 
some capillary dilation, degeneration and vacuolization can 
be readily observed. Combination of verapamil with doxo- 
rubicin aggravates these manifestations of cardiotoxicities 
especially the cytoplasmic vacuolization. Ketotifen, on the 
other hand, alleviates these pathological changes induced by 
doxorubicin. 

[0015] FIG. 7 Modulation of doxorubicin toxicity by 
verapamil or ketotifen. Mice were injected with reversal 
compounds ketotifen (25 mg/kg) or verapamil (25 mg/kg) 
followed by doxorubicin (15 mg/kg). Mice were observed 
for survival for 30 days following treatment. ***: p<0.001 

[0016] Fig. 8 Ketotifen extends survival in lmulitf -resistant 
P388^adr murine leukemia cells. Mice were injected with 
5x10 p388/adr cells and treated once per week with doxo- 
rubicin (4 mg/kg) preceeded by ketotifen (75 mg/kg 30 
minutes prior). Both drugs were given intraperitoneal. 

DETAILED DESCRIPTION OF INVENTION 

[0017] The inventors have shown that ketotifen can 
reverse multi-drug resistance through inhibition of P-gp. In 
addition, the inventors have shown that ketotifen reduces 
cardiotoxicity caused by high dose doxorubicin in vivo. 
Thus, the inventors have identified ketotifen as both a 
MDR-reversing and a cardioprotective agent. The invention 
relates to a pharmaceutical composition comprising i) keto- 
tifen or an analog thereof and ii) a chemotherapeutic drug 
subject to multi-drug resistance by P-gp, preferably an 
anthracycline, more preferably doxorubicin or an analog 
thereof. The term subject to mutli-drug resistance means that 
the chemotherapeutic drug's efficacy is reduced, or may 
become reduced, in a subject, tissue or cell because of 
clinical drug resistance associated with multi-dmg resis- 
tance. A person skilled in the art can assess whether a 
chemotherapeutic drug is subject to multi-drug resistance by 
P-gp. For example, the chemotherapeutic drugs to be tested 
can be incubated with cells, such as P388/adr murine leu- 
kemia cells and normal P388 cells as a control. If there is 



reduced killing of the P388/adr murine leukemia cells as 
compared to the controls (e.g. normal P388 cells or chemo- 
therapeutic drug^ known not to be subject to multi-drug 
resistance) then the chemotherapeutic agent is subject to 
multi-drug resistance. In order to detennine whether the 
multi-drug resistance is by P-gp the cells can be stained with 
a P-gp antibody, such as MRK-16, and the expression of 
P-gp can be compared to controls. A person skilled in the art 
will appreciate that other cell lines could be used, such as 
comparing the toxicity of the chemotherapeutic agent and 
P-gp staining in normal MCR-7 cells versus MCF-7/adr 
cells. 

[0018] The pharmaceutical composition of die present 
invention is useful for treating cancer. The pharmaceutical 
composition is also useful for i) circumventing or treating 
multi-drug resistance in an animal and ii) preventing a 
chemotherapeutic drug subject to multi-drug resistance by 
P-gp, preferably anthracycline, more preferably doxorubicin 
or an analog thereof induced cardiac tissue damage in an 
animal. The anthracycline protective effects and reversal of 
MDR were unknown prior to this invention. 

[0019] The invention also includes a kit comprising the 
agents i) ketotifen or an analog thereof and ii) a chemo- 
therapeutic drug subject to multi-drug resistance by P-gp, 
preferably anthracycline, more preferably doxorubicin or an 
analog thereof, and directions for administering i) and ii) to 
an animal, preferably for administering the agents to treat 
cancer, i) prevent or treating multi-drug resistance in an 
animal or ii) prevent a chemotherapeutic drug subject to 
muhi-drug resistance by P-gp, preferably anthracycline, 
more preferably doxorubicin or an analog thereof induced 
cardiac tissue damage in an animal. 

[0020] The invention also includes a method for treating 
cancer in an animal, comprising administering to the animal 
an effective amount of tiie pharmaceutical composition of 
the invention or the agents of the kit of the invention. The 
cancer can be a solid tumor or a hematological malignancy. 

[0021] The invention also includes a method for i) cir- 
cumventing or treating multi-drug resistance in an animal or 
ii) preventing a chemotherapeutic drug subject to multi-drug 
resistance by P-gp, preferably anthracycline, more prefer- 
ably doxorubicin or an analog thereof induced cardiac tissue 
darnage in an animal, comprising administering to the ani- 
mal an effective amount of the pharmaceutical composition 
of the invention. 

[0022] A preferred embodiment of the invention includes 
a method for treating cancer in an animal, including 

[0023] administering to the animal an effective amoimt 
of ketotifen or an analog thereof, and 

[0024] administering to the animal an effective amount 
of a chemotherapeutic drug subject to multi-drug resis- 
tance by P-gp, preferably anthracycline, more prefer- 
ably doxorubicin or an analog thereof. 

[0025] Preferably, the ketotifen is administered prior to the 
doxorubicin, more preferably at least 30 minutes prior to the 
doxorubicin. In the methods, the ketotifen or analog thereof 
and doxorubicin or analog thereof are preferably adminis- 
tered orally, intravenously, intraperitoneally, subcutaneously 
or rectally or by a combination of more than one of the 
foregoing. 
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[0026] The invention also includes the use of the phanna* 
ceutical compounds and compositions of the invention as a 
pharmaceutical substance, preferably for treatment of multi- 
drug resistance. 

[0027] In addition, the invention includes the use of the 
pharmaceutical compounds and compositions of the inven- 
tion for preparation of a medicament, preferably for the 
treatment of multi-drug resistance. 

[0028] Cancer 

[0029] As mentioned above, one embodiment of the 
invention is a pharmaceutical composition for use in treating 
cancer. The invention also contemplates methods for treat- 
ing cancer by administering compounds of the invention (for 
example, ketotifen and doxorubicin) to an animal. P-gp is 
found in a variety of leukemias and solid tumors [30]. The 
term cancer includes any cancer incliiding, without limita- 
tion, ovarian cancer, pancreatic cancer, head and neck can- 
cer, squamous cell carcinoma, gastrointestinal cancer, breast 
cancer (such as carcmoma, ductal, lobular, and nipple), 
prostate cancer, non small cell lung cancer, Non-Hodgkin*s 
lymphoma, multiple myeloma, leukemia (such as acute 
lymphocytic leukemia, chronic lymphocytic leukemia, acute 
myelogenous leukemia, and chronic myelogenous leuke- 
mia), brain cancer, neuroblastoma, and sarcomas. [32-36] In 
a preferred, example the cancer cell overexpresses P-glyco- 
protein. 

[0030] Ketotifen 

[0031] Ketotifen has the chemical name 4-(l-Methyl-4- 
piperidylidene)-4H-benzo[4,5]cyclohepta[l ,2-b] thiophen- 
10(9H)-one hydrogen fumarate and the molecular formula 
C23H23NO5S (Chemical Abstracts Registry Number for 
Ketotifen is 34580-13-7). It is described, for example, in 
U.S. Pat. Nos. 3,682,930, 3,749,786, and 5,399,360, and 
German Patent 2, 111,071. The pharmacology, toxicology, 
metabolism and the c l inical e xperience with ketotifen has 
been smnm arized bgSorlan^ al (Focus on Ketotifen. Ed. 
£. M. »orSnrET:)rugs, September 1990, vol. 40, no. 3, pp. 
412-448). Examples of ketotifen analogs are found in U.S. 
Pat. Nos. 3,682,930 and 3,749,786. The preferred ketotifen 
analogs are those which are suitable for use in manunals, 
such as humans. Me&ods which may be employed in 
screening and identifying useful ketotifen analogs and 
derivatives are described, for example, in U.S. Pat. No. 
3,749,786. 

[0032] Doxorubicin 

[0033] Doxorubicin has the chemical name 8S,10S)-10- 
[(3-amino-2,3,6-trideoxy-a-L-lyxo-hexopyranosyl)oxy]-8- 
glycolyl-7,8,9,1 0-tetrahydro-6,8, 1 1 -trihydroxy- 1 -methoxy- 
5,12-naphthacenedione hydrochloride. The molecular 
formula of the drug is C27H29NOi9.HCl and its analogs are 
also known in the art. Analogs include mitoxantrone, dauno- 
rubicin and N-acetyl daunorubicin. Other doxorubicin ana- 
logs are described in U.S. Pat. Nos. 4,672,057, 4,345,068, 
4,314,054, 4.229,355, 4,216,157, 4,199,571, 4,138,480. 

[0034] Other compounds are described below. Preferred 
compounds and analogs have at least 25%, 50%, more 
preferably at least 75% of the activity of doxorubicin and 
ketotifen for reversing MDR without cardiotoxicity. Activity 
may be measured by a MDR assay or cardioprotection study 
as described in this application. 



[0035] "Preventing" or "Reversing" drug resistance means 
inhibiting P-gp to circumvent, reduce or avoid MDR. It does 
not necessarily mean modifying the cancer cells so that they 
no longer have the MDR phenotype of overexpressed P-gp. 

[0036] Pharmaceutical Compositions 

[003 7] The above described substances may be formulated 
into pharmaceutical compositions for administration to ani- 
mals in a biologically compatible form suitable for admin- 
istration in vivo. By '^biologically compatible form suitable 
for administration in vivo" is meant a form of the substance 
to be administered in which any toxic effects are outweighed 
by the therapeutic effects. The substances may be adminis- 
tered to living organisms including humans, and animals. 
Compositions for chemotherapy are described in Cancer 
Chemotherapy Handbookhy David S. Fischer, et al. (5*** Ed., 
Mosby-Year Book, Inc. 

[0038] Publication date, May, 1997); LippincotVs Cancer 
Chemotherapy Handbook by Etelia C. Baquiran, Jean Gal- 
lagher (Lippincott Williams and Wilkms Paperback); Phy- 
sician's Cancer Chemotherapy Drug Manual, 2002 and 
CD-ROM by Edward Chu, Vincent T. Devita (2002, Jones 
& Bartlett Pub) 

[0039] Administration of a therapeutically active amount 
of pharmaceutical compositions of the present invention is 
defined as an amotmt effective, at dosages and for periods of 
time necessary to achieve the desired result. For example, a 
therapeutically active amount of a substance may vary 
according to factors such as the disease state, age, sex, and 
weight of the individual, and the ability of the substance to 
elicit a desired response in the individual. Dosage regimes 
may be adjusted to provide the optimum therapeutic 
response. For example, several divided doses may be admm- 
istered daily or the dose may be proportionally reduced as 
indicated by the exigencies of the therapeutic situation. 

[0040] An active substance may be administered in a 
convenient maimer such as by injection (subcutaneous, 
intravenous, etc.), oral administration, rectal administration, 
inhalation, or transdermal application. Depending on the 
route of administration, the active substance may be coated 
in a material to protect the compound from the action of 
enzymes, acids and other natural conditions which may 
inactivate the compound. 

[0041] The compositions described herein can be prepared 
by per se known methods for the preparation of pharma- 
ceu tically accq) table compositions which can be adminis- 
tered ltoanirnal^ ^Trh that a j ^ fiffrnti v r g na nti t ^^ n f t hfi aqiyc., 
substance i^cornbihed in a mixture with a phannaceutically 
acceptable vehicle. Suitable vehicles are described, for 
example, in Remington's Pharmaceutical Sciences (Rem- 
ington's Pharmaceutical Sciences, Mack Publishing Com- 
pany, Easton, Pa., USA 1985) or Handbook of Pharmaceu- 
tical Additives (compiled by Michael and Irene Ash, Gower 
Publishing Limited, Aldershot, England (1995)). On this 
basis, the compositions include, albeit not exclusively, solu- 
tions of the substances in association with one or more 
phannaceutically acceptable vehicles or diluents, and may 
be contained in buffered solutions with a suitable pH and/or 
be iso-osmotic with physiological fluids. 

[0042] The above disclosure generally describes the 
present invention. A more complete understanding can be 
obtained by reference to the followuig specific examples. 
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These examples are described solely for the purpose of 
illustration and are not intended to liniit the scope of the 
invention. Changes in foim and substitution of equivalents 
are contonplated as circumstances might suggest or render 
expedient. Althougjh specific t^ms have been employed 
herein, such terms are intended in a descriptive sense and not 
for puiposes of limitation. 

EXAMPLE 1 

Ketotifen Specifically Reverses MDR Mediated by 
P-pg Transporter 

[0043] The toxicity of the cytotoxic drugs was measured 
by clonogenicity assay. As shown in FIG. lA, significant 
dose-dependent reversal of doxorubicin resistance was 
observed with ketotifen. Beginning at 1 fiM, ketotifen 
restored doxorubicin toxicity while at 10 ^M, the MDR 
phenotype of MCF-7/adr cells was completely reversed. 

t^ncentration range, ketotifen itself is non-toxic to 
MCP-7/ai^c ells. The ability of ketotifen to restore sensi- 
tivity ol MCF-7/adr cells to doxorubicin was compared with 
verapamil. As shown in EIGS. lA and IB, both ketotifen 
and verapamil reverse resistance at similar concentrations. 
MCF-7/adr cells are also relatively resistant to mitox- 
antrone, VP-16 and vinblastine. As shown in FIG. 2, the 
sensitivity to these drugs was also restored by 10 ^iM 
ketotifen. The IC^s of difierent cytotoxic drugs were cal- 
culated from dose-response curves for MCF-7/adr or MCF- 
7/wt cells in the presence or absence of 10 mM of ketotifen. 
As summarized in Table 3, IC90 levels on MCF-7/adr cells 
in the presence of ketotifen are almost identical to those for 
parental MCF-7 cells. \n contrast to its reversing activity on 
MCF-7/adr cells, ketotifen influenced neither the toxicity of 
mitoxantrone on MCF-7/mx nor the toxicity of VP-16 on 
MCF-7/vp cells (FIG. 3). These two cell lines exhibit the 
MDR phenotype by overexpressing BCRP [19] and MRP 
transporters [21] respectively. Thus, ketotifen is a specific 
reversing agent for MDR associated with P-gp. 

TABLE 3 

ICon (uM) of cytotoxic dnigs on MCF'7/wt and MCF-7/adr 

MCF-7/adr 





MCF-7/wt 


-ke 


+kc 


Doxorubicin 


0.12 


>10 


0.18 


Mitoxantrone 


0.01 


0.22 


0.02 


VP-16 


17 


220 


20 


Vinblastine 


0.8 


410 


1.2 



EXAMPLE 2 

Increased Intracellular Retention of Etoxorubicin in 
Ketotifen Treated MCF-7/adr Cells 

[0044] Most MDR reversing agents act by inhibiting the 
transporting activity of P-gp. In order to determine if keto- 
tifen inhibits P-gp activity, the intrinsic fluorescence of 
doxorubicin was used as a marker and measured drug 
accumulation by flow cytometry. MCF-7/adr cells pretreated 
with ketotifen or verapamil were exposed to doxorubicin 
and fluorescence was measured. As shown in FIG. 4, in the 
presence of either verapamil or ketotifen, fluorescence fix)m 



doxorubicin increased in the pre-treated cells. 2 )iM of 
ketotifen increased relative fluorescence by 50%, while 10 
mM of ketotifen nearly doubled the fluorescence intensity. 
This result shows ^t ketotifen causes an accumulation of 
doxorubicin in MCF-7/adr cells and that ketotifen mediates 
its reversal ability through the mhibition of drug efllux. 

EXAMPLES 

Tissue Doxorubicin Concentrations in the Heart 

[0045] To determine the interactions of ketotifen with 
cytotoxic drugs in vivo, mice were given i.p. injections of 
reversal agent, followed by 15 mg/kg doxorubicin. Tissue 
concentrations of doxorubicin were determined by measur- 
ing doxorubicin fluorescence in heart tissue following dif- 
ferent time periods afler injection. The 3-hour time point 
values in different groups were compared as this point was 
the peak concentration was observed. As observed with 
verapamil, pre-treatment of mice with ketotifen significantly 
increased doxorubicin accumulation in the heart in compari- 
son to control (72±5 vs 36±3 ng/mg protein, p<0.01, FIG. 
5). This result shows that like verapamil, ketotifen causes a 
buildup of doxorubicin in tissue, likely due to inhibition of 
normal drug clearance mechanisms [25]. 

EXAMPLE 4 

Ketotifen Prevents Cardiac Tissue Damage 

[0046] Cardiac tissue damage caused bv anthracyclines is 
well known and characterized by cardiac hypertrophy, vacu- 
olization disruption of myofibrils and cell loss [3]. In order 
to characterize the efiect of combined MDR reversing agent 
plus doxorubicin treatment on heart tissue, mice were 
treated with ketotifen or verapamil followed by doxorubicin. 
Four days later, heart tissue was fixed, sectioned and stained 
with hematoxylin and eosin. As shown in FIG. 6, mice 
treated with doxorubicin alone demonstrated well known 
pathological changes including dilation of capillaries, myo- 
cyte degeneration and vacuolization in left ventricular tissue 
(FIG. 6B). Addition of verapamil enhanced cardiac damage 
caused by doxorubicin (FIG. 6C). In contrast, heart tissue 
from mice pre-treated with ketotifen (25 mg/kg) 30 minutes 
before doxorubicin had observable decreases in the extent of 
cardiac damage (FIG. 6D) with less cell drop-out, mainte- 
nance of myofibril structure and less vacuolization. 

EXAMPLE 5 

Cardiotoxicity and Survival 

[0047] Since cardiac damage is reduced in mice receiving 
ketotifen plus doxorubicin, it was shown that the addition of 
ketotifen enhances mouse survival. Mice were pre-treated 
with ketotifen or verapamil, followed by a single treatment 
with doxorubicin and followed the animals over 5 weeks. 
Animals were sacrificed when they showed signs of lethargy 
or distress. As shown in FIG. 7, the survival rate of mice 
receiving doxorubicin plus verapamil was significantly low- 
ered comparing to those mice treated with doxorubicin 
alone. For the doxorubicin plus verapamil group, survival 
rate at day 30 was 0% with median survival time of 12.3 
days while 42% of the doxorubicin alone group survived 30 
days post treatment with a median surv^ival of 19.3 days 
(p<0.001). In contrast, pre-treatment of mice with ketotifen 
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led to extended survival compared to doxorubicin alone with 
57% survival rate at day 30 and a median survival time of 
23.2 days (p<0.001 compared to [)ox+ Verapamil). Since 
prolongation of survival in mice treated with ketotifen plus 
doxorubicin correlated with the protection of ketotifen on 
the cardiotoxicity induced by doxorubicin, these results 
clearly show that ketotifen enhances survival due to cardio- 
protection. 

[0048] In this study, it was shown that the antihistamine 
ketotifen can reverse multi-drug resistance in MCF-7/adr 
cells through inhibition of P-gp. This eff ect is specific in that 
cells overexpressing BCRP or[MNPi are not affected by 
ketotifen. At high concentrations, ketotifen also blocks 
store-operated Ca^ influx and induces activation enhanced 
cell death [13, 29]. However, ketotifen' s P-gp-inhibitoiy 
activity appears to be unrelated to its Ca^* channel blocking 
activity since the concentrations required for P-gp inhibition 
are much lower. Furthermore, it was observed that Ca^*^ 
ionophores have no effect on the ability of ketotifen to 
reverse MDR (Zhang and Berger; unpublished), providing 
additional evidence that ketotifen' s MDK reversing activity 
is unrelated to its Ca^* channel antagonism. It was further 
shown that pretreatment with ketotifen caused an increased 
accumulation of doxorubicin in mouse cardiac tissue, con- 
sistent with a block in drug clearance. However, unlike 
verapamil, ketotifen did not enhance doxorubicin toxicity 
but in fact provided protection, both at the level of cardiac 
tissue damage and in survival. These observations therefore 
show that ketotifen is unique in its ability to both reverse 
multi-drug resistance due to P-glycoprotein overexpression 
and provide cardioprotection to doxorubicin. 

[0049] Although the mechanism of cardiotoxicity caused 
by anthracyclines is not fully understood, it is generally 
believed that highly active reactive oxygen species (ROS) 
triggered by anthracycine metabolites may play a central 
role in the initiation of a series reactions leading to myocyte 
damage [11, 15]. While antioxidants have shown some 
promise as cardioprotective agents in vitro and in animal 
models, clinical bials have not yet provided consistent 
benefit [4, 8]. Furthermore, the concern arises that the 
systemic application of antioxidants may also limit the 
anti-tumor efficacy of doxorubicin. Previous studies inves- 
tigating the role of mast cell activation products in anthra- 
cycline-mediated cardiotoxicity had demonstrated that keto- 
tifen could reduce doxorubicin cardiotoxicity and improve 
overall survival in a murine model [2]. In another study, 
doxorubicin was shown to induce mast cell degranulaton 
and histamine release, consistent with a role for mast cell 
activation in enhancing cardiac damage [7]. The invention 
shows the protective effect of ketotifen. Ketotifen' s benefi- 
cial effect on survival can be partly attributed to cardiac 
protection based on the observed decrease in severity of 
cardiac damage in mice pre-treated with ketotifen. 

[0050] The clinical use of anthracyclines is limited by its 
cardiotoxicity. Furthermore, schemes employing multi-drug 
reversing agents typically require reductions in chemothera- 
peutic dose due to inhibition of drug clearance mechanisms. 
The observations showing ketotifen as a multi-drug revers- 
ing agent with cardioprotective activity shows that this 
unique combination of properties is clinically useful in the 
control of multi-drug resistant tumors. 



[0051] Materials and Methods 

[0052] Human Breast Cancer Cell Lmes and Culture Con- 
ditions 

[0053] MCF-7 (MCF-7/wt) and its multidrug resistant 
variant MCF-7/adr cells were used. MCF-7/mx and MCF- 
7/vp cell lines were also used. Other cell lines could also be 
used. MCF-7/mx cell line was generated through selection 
in vitro with mitoxantrone and overexpresses Breast Cancer 
Resistance Protein (BCRP) [19]. The MCF-7/vp cell line 
was selected with etoposide and overexpresses Multidrug 
Resistance-associated Protein gene (MRP) [21]. All the cell 
lines were grown routinely as monolayer culture in Dulbec- 
co's Minimal Essential Media (DME) supplemented with 
L-glutamine (2 mM), penicillin, streptomycin and 10% 
heat-inactivated fetal bovine serum SUBS, GIBCO) in an 
atmosphere of 5% COj at 37^ C. The cell lines were 
passaged weekly. 

[0054] Chemicals, 

[0055] Ketotifen, verapamil and all the chemotherapeutic 
agents (doxorubicin, etoposide VP- 16, vinblastine and 
mitoxantrone) were purchased from Sigma Chemical Co. 
(St. Louis, Mo.). Ketotifen was freshly dissolved in DMSO 
before use, diluted with culture medium and added to the 
plate at the indicated concentrations. The final concentration 
of solvent DMSO was always less than 0.1%. All the other 
dnigs were dissolved either in DMSO (VP- 16 and vinblas- 
tine) or saline and stored at -20^ C. as stock solutions. 

[0056] Drug Treatments and Breast Cancer Clonogenic 
Assay. 

[0057] Exponentially growing MCF-7/wt and its three 
mutants MCF-7/adr, MCF-7/mx and MCF-7/vp were 
trypsinized, washed with fresh medium and plated in 6- well 
plates at a density of IxlO^/ml. Cytotoxic drugs of different 
concentrations were applied to cells in the presence or 
absence of ketotifen or verapamil for 24 hours. Both adher- 
ent and non-adherent cells were collected and washed with 
fresh medium. Cell aliquots (5x10^) were plated in 1 ml of 
0.3% agar over 1 ml of^ p.5% agar underlayer prepared in yf 
IMDM containing 10% horse senmi (CrliicO). The upper 
layer consisted of 20% FBS, 10 pg/ml of bovine insulin, 2.5 
mg/ml of hydrocortisone, 5xlO"^M of 17-b-estradiol 
(Sigma) and 50 ng/ml of EOF (R&D Systems). Colonies 
larger dian 50 ^m in size were scored after 14 days of 
incubation at 37** C. in a humidified atmosphere of 5% CO, 
in air. 

[0058] Flow Cytometry. 

[0059] As doxorubicin itself is a fluorescent substance, the 
doxorubicin content in MCF-7/adr cells can be measured 
with flow cytometry. Briefly, cells (5xl0Vml) were incu- 
bated with 2 (ig^ml of doxorubicin at 37® C. for 2.5 hours 
with or without reversal agents, washed and resuspended in 
ice-cold PBS. Doxorubicin fluorescence was measured by 
flow cytometry using a FACStar Plus flow cytometer (FL2, 
emission at >570 nm,Becton Dickinson). 10^ cells were 
analysed for each sample. 

[0060] Animals and in vivo Treatment. 

[0061] Female Balb/c mice (8-10 weeks of age, 20-22 g of 
body weight) were purchased from Jackson Laboratory 
(Maine, USA). Protocols were approved by the Animal Care 
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Committee of the University Health Netwoiic. Animals were 
divided into 6 groups of 15 to 20 mice each and received 
drug treatments as follows: saline, ketotifen 25 mg/kg, 
verapamil 25 mg/kg, doxorubicin 15 mg/kg plus saline, 
doxorabicin 1 5 mg/kg plus ketotifen 25 mg/kg, doxorubicin 
15 m^g plus verapamil 25 mg/kg. All the treatments were 
administrated via i.p. After treatment, mice were kept in 
sterile environment for six to eight weeks. Acute toxicities 
and survival was observed for different treatment groups. 
Mice were sacrificed when they displayed lethargic behav- 
iour or any signs of distress. Three mice from each group 
were sacrificed on day 4-post treatment. Hearts were 
removed immediately and fixed in 10% neutral buffered 
formalin. Tissue sections were made from heart tissue and 
stained with hematoxylin and eosin or with 1% Toluidine 
blue to identify mast cells. All the slides were evaluated by 
light microscopy for cardiac damage, mast cell density and 
degranulation. 

[0062] Doxorubicin Concentrations in Heart Tissues. 

[0063] 3 to 5 mice in each group were treated with the 
same drug combinations used for survival. Three hours 
following injection of doxorubicin, mice were sacrificed. 
Doxorubicin concentrations in heart tissues were determined 
by fiurometric detection of doxorubicin using the method of 
Sridhar [25]. Briefly, hearts were excised immediately, 
rinsed with ice cold normal saline, minced with scissors, and 
homogenized in ice cold ethanol- acid solution (0.3 N HCl 
in 50% ethanol) using a Polytron homogenizer. The homo- 
genates were centriiiiged at 20,000 g for 20 minutes at 4^ C. 
Fluorescence of the supematants was measured using a 
Tecan Spec trafluor (excitation wavelenth of 468, emission 
^ Jwavelentii\ of 590, Hewlett Packard). The doxorubicin stan- 
dard curve was made by mixing known amounts of doxo- 
rubicin with heart tissue and processed using an identical 
protocol. The fluorescence of supernatant from cardiac tis- 
sue without doxorubicin served as background. The concen- 
tration of doxorubicin was normalized to total protein con- 
tent of the same tissue. 

[0064] Statistical Analysis. 

[0065] All the colony data were analyzed by two-way 
analysis of variance (ANOVA), with differences between 
individual means determined by Bonferroni*s post-tests. 
Data were expressed as means ±SEM. The Kaplan-Meier 
estimate was used to determine differences in the survival 
periods for mice following different drug combination treat- 
ments. 

EXAMPLE 6 

Evaluation of the EflScacy of Ketotifen in 
Enhancing Chemotherapy of Multidrug Resistant 
Leukemia Cells 

[0066] In vitro observations on the ability of ketotifen to 
reverse MDR, coupled with its ability to partially protect 
against doxorubicin cardiotoxicity, showed that the combi- 
nation of ketotifen plus doxorubicin has superior anti- 
leukemic activity, particularly for muhi-drug resistant dis- 
ease. The combination of ketotifen plus doxorubicin was 
evaluated in the p388 multi-drug resistant leukemia model. 
This model has been used in a number of studies to assess 
efficacy of MDR reversing agents [43-47] and is a useful and 
rapid approach. Highly multi-drug resistant P388/adr murine 



leukemia cells were obtained NCI/Frederick Cancer DCT 
repository. Mice were inoculated with 5x10^ p388/adr cells 
and treated once per week with doxorubicin (4 mg/kg) 
preceded by ketotifen (75 mg/kg 30 minutes prior). Both 
drugs were given intraperitoneal. Ketotifen extended sur- 
vival 2 days compared to doxorubicin alone (p«0.02). See 
FIG. 8. This is comparable to that observed wiUi other drugs 
such as verapamil [47]. 

EXAMPLE? 

Evaluation of Tile Efficacy of Ketotifen to Reverse 
MDR and to Prevent Cardiac Damage in a Breast 
Cancer Model 

[0067] Human multi-drug resistant breast cancer cells, 
such as MCR-7/adr cells, are implanted into immune defiant 
mice, such as female SCID/Ra^ m immunodeficient mice, / 
to test th ^TnH vivo abil ity of ketotifen to reverse multi-drug | jr\ 
resistance, coupled with its ability to protect against doxo- 
rubicin cardio toxicity. The immunodeficiency of these mice 
prevents them from rejecting hiunan tissue and these mice 
are therefore suitable hosts for xenographs. 

[0068] MDR Reversal 

[0069] On day 1 , 1 .5 mg Estrogen pellets are implanted at 
the base of the neck. On day 2, mice are inoculated with 10 
million MCF-7/adr cells in a 0.1 ml volume subcutaneously 
in the flank. When the tumors are 5 mm in diameter, the mice 

(at least 4 per group) are treated with ketotifen (typically 75 ^ ^ \ 

mg/kg in traperitoneally) followed by doxorubicin (typicaUyf * vr a. ^ 
4 mg/kg tofntSentoneail;^ 30 minut^ later. This treatment is ' ^ 
repeated weekly and tumor size and body weight are exam- 
ined over time. 

[0070] Cardiac Function 

[0071] The mice and their nomial counteiparts are chal- 
lenged with a single i.p. injection of doxorubicin (15 mg/kg). 
One cohort of 10 mice fi-om each group are evaluated for 
lethality, as defined by failure to thrive to the point where the 
animals have reduced mobility and are impaired for feeding. 
Reduced mobility is defined as decreased mobility such that 
nesting functions or other normal activity is decreased. 
Impaired feeding means that the mice are unable or unin- 
terested in consuming solid food or cannot reach up to drink 
liquid from the suspended water bottle. A second cohort (5 
mice per group) is evaluated for cardiac flmction. To be 
considered able to protect against cardiotoxicity the results 
must be statistically significant compared to the controls. 
Typically, hearts exposed to excessive levels of anthracy- 
clines undergo cardiac hypertophy and cell loss [37,38]. This 
manifests itself in impaired heart flmction that can be 
evaluated by measuripg cardiac fimction non-invasively and 
mvasively as well as through pathological analysis of 
affected tissue. For non-invasive measurements, echocardio- 
graphy is used. Echocardiography is a conunonly used 
clinical tool in the management of patients undergoing 
anthracycline treatment [39,40]. At 4 days post-treatment, 
anesthetized mice are placed on a mouse pad equipped with 
a heater, continuous ECG output and rectal temperature 
monitoring. Transthoracic 2-climensional, M-mode and 
Doppler echocardiographic examination is performed using 
an Acuson Sequoia C256 system. In addition, treated mice 
will undergo ex-vivo assessment of cardiac lunction. The 
hearts are isolated in a Langendorff preparation with an 
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oversized intraventricular balloon at graduated incremental 
volumes to derive intrinsic pressure-volume (P-V) relation- 
ship, to detennine load independent ventricular systolic 
function; and diastolic compliance P-V relationship to char- 
acterize diastolic relaxation [41]. Finally, heart tissue is 
analysed pathologically for apoptosis by TUNEL assay, 
fibrillar collagen content is determined using Picosirius Red 
staining in conjunction with light microscopy and videoden- 
sitometiy, and collagen content are measured using hydiox- 
yproline assay with Ehrlich*s reagent and absorbance at 550 
nm as previously described [42]. These measurements pro- 
vide an accurate and quantitative picture of the extent of 
cardiomyopathy in these mice. The animals pretreated with 
ketotifen have significantly better heart function and less 
damage than those animals not pretreated with ketotifen. 

[0072] While the present invention has been described 
with reference to what are presently considered to be the 
preferred examples, it is to be understood that the invention 
is not limited to the disclosed examples. To the contrary, the 
invention is intended to cover various modifications and 
equivalent arran gements included within the spu-it and scope 
of the a pp endedjcaimsT^ 

[0073] All publications, patents and patent applications 
are herein incorporated by reference in tiieir entirety to the 
same extent as if each individual publication, patent or 
patent application was specifically and individually indi- 
cated to be incorporated by reference in its enturety. 
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1. A pharmaceutical composition comprising i) ketotifen 
or an analog thereof and ii) a chemotherapeutic drug subject 
to multi-drug resistance by P-gp. 

2. (canceled) 

3. (canceled) 

4. (canceled) 

5. (canceled) 

6. The pharmaceutical composition according to claim 1, 
wherein the chemotherapeutic drug subject to muhi-drug 
resistance by P-gp comprises an anthracycline. 

7. The pharmaceutical composition according to claim 1 , 
wherein the chemotherapeutic drug subject to multi-drug 
resistance by P-gp comprises doxorubicin or an analog 
thereof 

8. A kit comprising Uie agents i) ketotifen or an analog 
thereof and ii) a chemotherapeutic drug subject to multi- 
drug resistance by P-gp, and directions for administering i) 
and ii) to an animal. 

9. (canceled) 

10. (canceled) 

11. The pharmaceutical composition of claim 1 in an oral, 
mtravenous, intraperitoneal, subcutaneal or rectal dosage 
form or in combination of the foregoing dosage forms. 

12. (canceled) 

13. (canceled) 

14. (canceled) 

15. (canceled) - 

16. (canceled) 
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17. (canceled) 

18. (canceled) 

19. (canceled) 

20. A method for i) preventing or treating multi-drug 
resistance in an animal or ii) preventing a chemotherapeutic 
drug subject to multi-dnig resistance by P-gp induced car- 
diac tissue damage in an animal, comprising administering 
to the animal an effective amoimt of the phannaceutical 
composition of claim 14. 

21. The method according to claim 20, wherein the 
chemotherapeutic drug subject to multi-drug resistance by 
P-gp comprises an anthiacycline. 

22. The method according to claim 20, wherein the 
chemotherapeutic drug subject to multi-drug resistance by 
P-gp comprises doxorubicin or an analog thereof 

23. A method for preventing or treating multi-drug resis- 
tance in cancer cells, tumors or neoplasia, comprising 
administering to the animal an effective amount of the 
pharmaceutical composition of claim 1 . 

24. The method according to claim 23, wherein the 
chemotherapeutic drug subject to multi-drug resistance by 
P-gp comprises an anthracycline. 

25. The method according to claim 23, wherein the 
chemotherapeutic drug subject to multi-drug resistance by 
P-gp comprises doxorubicin or an analog thereof. 

26. A method for treating cancer in an animal, comprising 

administering to the animal an effective amount of keto- 
tifen or an analog thereof, and 

administering to the animal an effective amount of a 
chemotherapeutic drug subject to multi-drug resistance 
by P«gp. 

27. The method according to claim 26, wherein the 
chemotherapeutic drug subject to multi-drug resistance by 
P-gp comprises an anthracycline. 

28. The method according to claim 26, wherein the 
chemotherapeutic drug subject to multi-drug resistance by 
P-gp comprises doxorubicin or an analog thereof. 

29. The method of claim 28, wherein the ketotifen is 
administered prior to the doxorubicin. 

30. The method of claim 29, wherein the ketotifen is 
administered at least 30 minutes prior to the doxorubicin. 

31. The inethod of 26 wherein ketotifen or analog thereof 
and doxorubicin oryanalog thereof are administered orally. 



intravenously, intraperitoneally, subcutaneally or rectally or 
by a combination of more than one of the foregoing. 

32. (canceled) 

33. (canceled) 

34. (canceled) 

35. (canceled) 

36. (canceled) 

37. (canceled) 

38. (canceled) 

39. (canceled) 

40. (canceled) 

41. (canceled) 

42. (canceled) 

43. (canceled) 

44. (canceled) 

45. A method of detenniniiig whether cancer should be 
treated with ketotifen or an analog thereof and a chemo- 
therapeutic drug subject to multi-drug resistance by P-gp, 
comprising determining whether P-gp is overexpressed by 
the cell. 

46. (canceled) 

47. (canceled) 

48. (canceled) 

49. (canceled) 

50. (canceled) 

51. (canceled) ^^^^^ 

52. (canceled) ^^^^"""^^ 

53. The method of c!ain|B445, further comprising treating 
the cancer with ketotifen or an analog thereof and a che- 
motherapeutic drug subject to multi-drug resistance by P-gp. 

54. (canceled) 

55. (canceled) 

56. A method for i) preventing or treating multi-drug 
resistance in an animal or ii) preventing a chemotherapeutic 
drug subject to multi-drug resistance by P-gp induced car- 
diac tissue damage in an animal, comprising administering 
to the animal an effective amount of a compound having 
MDR-reversing and cardiac-protective activity. 

57. (canceled) 

58. (canceled) 
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